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Abstract 
 
 This thesis aims to investigate the potential usage of rejected non-recyclable 
contaminated plastic rejects with different reinforcing elements to produce a viable 
product such as a manhole cover. Contaminated plastic rejects are generally deemed 
unrecyclable due to the cost and effort, including money, water, energy associated 
with cleaning the product in order to recycle it. By recycling these contaminated 
plastic rejects as is and reinforcing it with different reinforcing elements, we can 
enhance the mechanical  properties of the material to enable it to be used as a viable, 
durable product such as a  manhole cover. Problems associated with manhole covers 
include theft of the cover, leaving a large massive hole in the ground causing a 
potential health hazard and possible safety risk. This thesis will investigate the 
mechanical and environmental properties of the plastic rejects when reinforced with 
foundry sand, regular sand, fiberglass-milled fibers, and fiberglass-chopped strands 
and to determine which one of these reinforcing elements is the most suitable at 
different percentages. It was determined that foundry sand and regular sand at 10% 
reinforcement gave the most promising results in terms of tensile strength and flexural 
strength with ultimate tensile strengths for both materials of about 19MPa. Once the 
most suitable mixture was determined, analyzing this mixture in the application of a 
manhole cover is necessary to determine its applicability as this product. The manhole 
covers were tested for the most suitable mixtures without reinforcing steel bars, and 
again with reinforcing steel bars to determine the effect of the steel mesh on the 
properties of the manhole cover. It was determined that the combination of foundry 
sand at 10% reinforcement with a steel reinforcement mesh of Φ16 steel bars of 10% 
reinforcement, and the plastic rejects gave the most promising results with a 
maximum load of 108 KN. In comparison to BS EN 124 British Standards for 
manhole covers, it was found that this manhole cover could replace Grades B and A 
of ductile iron manhole covers of the same diameter size. Grades B and A refer to 
areas with only occasional vehicular passageway, and pedestrian precincts with no 
vehicular passageway respectively. With this new material produced entirely out of 
waste, this product will no longer become an issue in terms of theft and will alleviate 
the detrimental problem of municipal solid waste to the environment including saving 
energy, water, and cost. 
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CHAPTER 1 
 INTRODUCTION 
1.1 General 
 
With the growing effects of pollution around us, we have been forced to 
become more aware of the consequences of our actions. Pollution whether it be air, 
water, or land, is a result of human interference in the delicate balance of our nature’s 
ecosystem and the ability of this ecosystem to rehabilitate, rejuvenate, and replenish 
the resources in which we so fervently desire. With our increasing population 
worldwide, not only have we considerably depleted the earth’s natural resources, but 
have polluted and tainted the remaining resources that in most cases make them unfit 
for use. This brings us to our growing dilemma worldwide of scarcity of resources for 
our growing population. We are soon to reach the earth’s carrying capacity if we do 
not begin to solve the problem at the grassroots level. Thus we must begin to tackle 
pollution in all of its forms and abate the social stigma of our communities, which 
allows and permits the slow deterioration and degradation of our environment. 
Legislation and a legal framework exist for the dispensing of waste in an 
environmentally friendly manner, and for the abatement of pollution in all of its 
forms. Yet, unfortunately many of these legislations are not adhered to and up until 
now there is no proper monitoring system. The health risks and medical bills from 
pollution in Egypt are colossal in magnitude. The World Bank issued a report in 2002 
stating that the overall damage cost to Egypt from environmental degradation is 
approximately LE 10-19 billion annually, which represents 3.2 – 6.4% of our nation’s 
GDP (55).  The magnitude of the pollution problem is immense and swift action is in 
order to alleviate the degree of environmental degradation in Egypt.  
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1.2 Cradle to Cradle 
 
In order to tackle the problem of pollution we must begin to implement a 
methodology that is efficient, useful, economical, effective, spediant, and easy to use. 
William McDonough and Micheal Braungart (47) have developed a methodology titled 
“Cradle to Cradle” that promotes the concept of zero pollution. This opposes the 
concept of “Cradle to Grave” which is commonly used whereby the waste is either 
burned, incinerated, or land-filled (i.e the term grave). This essentially causes air 
pollution with numerous toxins being dissipated into the air as a result of waste 
burning; water pollution with chemicals from improper landfills or garbage sites 
disseminating into rivers, lakes, or even groundwater; and land pollution with the 
occupation of land areas for land-filling that could be better utilized for either 
urbanization and housing or for agricultural purposes. The concept of Cradle to 
Cradle however, is done partially by utilizing the waste of one process as the raw 
material for another process. Thus the phrase “Waste = Food” is instigated to promote 
the utilization of all forms of waste as useful materials for another process. This does 
not simply mean recycling or reusing the waste. On the contrary, the ‘Cradle to 
Cradle’ concept wishes to utilize the waste of a process directly as the raw material 
for another, undergoing a circle of resources that are ultimately never wasted and thus 
never depleted (47). Such examples could be as simple as using organic waste, such as 
orange peels for instance, as feed for animals on farms. Another example could be the 
utilization of animal waste and excrement for compost fields to be later used as 
fertilizer for agricultural products. Thus, with these simple examples we have 
eliminated all the waste and utilized it to enhance the mechanism of another process. 
Not only is this mechanism efficient and effective, but extremely economical. The 
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disposal of waste is actually quite costly, yet with this mechanism the raw material for 
a process is not bought at an expensive rate but rather taken from the waste of another 
process that is no longer needed. This mechanism was implemented in one of Egypt’s 
Red Sea touristic resorts named El Gouna, where they not only benefited from the 
closed loop of resources and materials, but also made a considerable profit from doing 
so.  This closed loop of resources may be seen in Figure 1.1. Figure 1.1 displays the 
concept of cradle to cradle using the "industrial ecology" methodology where the 
waste of one product, is the new raw material utilized by another product. For 
example if the diagram is followed from the hotels and housing, it can be seen that the 
garbage produced there is collected and sorted. Each material undergoes its own line 
or path to become something new. If we look at the food waste, we can see that it 
goes to the animal farms to feed them. The animals produce excrement which then 
goes to function as compost.  The diagram can be traced for all materials reaching a 
closed loop of resources where there is an effort to approach zero waste in this tourist 
resort in the future. The differences between “Cradle to Cradle” and “Cradle to 
Grave” are in Table 1.1. 
  
 
Table 1.1: Comparison between “Cradle to Cradle” vs. “Cradle to Grave” 
 
Cradle to Cradle Cradle to Grave 
Zero Pollution Air, Water, Land Pollution 
Waste = Food Waste is burned or buried 
No cost of Disposal Expensive cost of disposal 
Low cost of raw materials Expensive cost of new raw materials 
Minimize health risks Colossal health risks 
Efficient use of land Land is wasted for landfill 
 
 
 
 
 
   
 
  4
The benefits of utilizing the “Cradle to Cradle” concept are numerous. Some of these 
benefits include the alleviation of: 
• Health risks 
• Air and Water pollution 
• Ozone depletion 
• Global Warming 
• Landscape degradation 
• Solid and Liquid wastes 
• Resource depletion 
• Acidification of natural and built environment 
• Visual pollution 
• Reduced biodiversity 
• Cost of waste disposal 
• Cost of raw material 
• Cost of health bills 
 
According to McDonough and Braungart (47), this methodology can be applied to any 
industry for any material. Their book itself “Cradle to Cradle” displays how this 
methodology functions in the material it uses from cover to cover. The material is a 
synthetic paper that does not use any wood pulp or cotton fiber but is in fact made 
from plastic resins and inorganic fillers. It is waterproof, durable, and thus becomes a 
“technical nutrient” as a prototype for all to see (47). According to them, through this 
methodology we can ultimately achieve zero pollution and save our planet from 
deterioration and degradation economically and swiftly.  
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Figure 1.1: Industrial Ecology Loop in El Gouna Resort 
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1.3 Objective 
 
The objective of this thesis is to investigate the use of rejected and un-
recyclable plastics, such as contaminated black plastic bags, as a new material to be 
used for manhole covers and its base. The manhole covers and base are produced in 
cooperation between AUC and the Association for the Protection of the Environment 
(APE) as part of the Municipal Solid Waste Management (MSWM) program to 
approach Cradle to Cradle started in 2001. Rejected plastics are either burned 
producing harmful emissions into the air causing pollution, land-filled causing the 
inefficient use of land that could otherwise be used for more beneficial purposes, or 
left on the streets causing visual pollution and potential health hazards. The 
mechanism of utilizing rejected plastics in manhole covers and base would be by 
heating the rejects indirectly at high temperatures (150-250 °C) and then reinforcing it 
with materials to enhance its strength. The thesis will investigate the mechanical and 
environmental properties of the manhole cover made of this new material. The 
properties will then be compared with acclaimed standards and specifications for 
manhole covers to see if it is suitable for use. Different reinforcing elements which 
will be used with the rejected plastics include: 
 
1. Regular Sand 
2. Foundry Sand 
3. Fiber Glass – chopped strands 
4. Fiber Glass – milled fibers 
 
Each one of these reinforcing materials will be used in combination with the 
rejected plastics in varying quantities. Through this the most suitable material can be 
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determined for the use in manhole covers. This material will then be tested as a 
manhole cover and compared to standards and specifications. Through this, not only 
will this material be able to eliminate the pollution of air, water, and land, but will 
also be able to utilize a certain waste as a new material, and thus not depleting the 
earth’s natural resources. It will also be able to save energy through the means of 
conserving a certain waste, and thus conserving material and energy, and it will be 
able to save costs of waste material by using it as a raw material for another product. 
This will not only save the cost of the waste material, but also make a profit by being 
able to sell and use the new product made of this new recycled of unrecyclable 
material. It will be able to help approach the concept of “Cradle to Cradle” and 
ultimately protect the environment by producing zero waste through this mechanism 
of efficient use.  
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CHAPTER 2 
BACKGROUND INFORMATION 
2.1 General 
 
Solid waste is a form of waste that can be categorized into many different 
constituencies including industrial, agricultural, municipal solid waste, etc. Municipal 
Solid Waste Management (MSWM) is integral in maintaining proper disposal and/or 
reuse of solid waste in a given area. Overall estimates taken from 1994 for solid waste 
in Cairo are approximately 10,000 tons per day (3.65 * 106 ton/yr) (40). This amount 
has increased to 15 * 106 ton/yr in 2001 with both the population increase and the 
development in Egypt. This solid waste is largely either land-filled or burned with a 
very little percentage being recycled. The amount of air pollution generated from 
solid waste being burned is immense, which contributes to the massive air pollution 
problem in Egypt. Air pollution in Cairo has reached and exceeding limit that can not 
be tolerated anymore. Table 2.1 shows values of air pollution in the Greater Cairo 
Area.  
 
Table 2.1: Total Suspended Particles (TSP), Smoke, and Lead in Greater Cairo Area (40). 
 
Source: 1995 estimates taken from Hopkins, et al. 2001 (40)  
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As can be seen from the table above, the values in the districts of Cairo exceed both 
WHO and Egyptian standards. In order to alleviate the pollution problem in Cairo, 
solid waste needs to be tackled at the core.  
2.2 Municipal Solid Waste 
2.2.1 General 
 
Municipal solid waste is one of the most detrimental environmental hazards 
around the world at this current state. This is due to the fact that it is composed of 
hazardous and non-hazardous waste mixed together (35). Many of the problems 
associated with municipal solid waste are economical as well as technical. These 
include collection, sorting, recycling, incineration and/or landfilling (35). These 
problems need to be addressed in order to reduce the health hazards that are prevalent 
with municipal solid waste as well as the abundant pollution that is generated as a 
result of it.   
 
Table 2.2: Annual Cost of Environmental Degradation – Mean Estimate 
 Million LE per year Percent of GDP 
Air 
Soil 
Water 
Coastal zones, cultural heritage 
Municipal Waste 
6,400 
3,600 
2,900 
1,000 
600 
2.1% 
1.2% 
1.0% 
0.3% 
0.2% 
Sub-Total 14,500 4.8% 
Global Environment 1,900 0.6% 
Total 16,400 5.4% 
Source: World Bank Report, 2002 (55). 
 
Table 2.2 shows the annual cost of environmental degradation in Egypt according to 
Air, Soil, Water, Coastal zones, and municipal waste.  From the table we can see that 
the annual cost of environmental degradation due to municipal solid waste is 
estimated to 600 million LE per year, which accounts for 0.2% of Egypt’s GDP.  This 
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is a very large sum of money that is wasted every year due to bad management and 
improper disposal of municipal solid waste, which leads to health hazards and risk of 
diseases. Municipal solid waste can be categorized into many different elements of 
waste including paper, plastic, glass, and organic waste. According to Dr. El Haggar, 
at the American University in Cairo, “In Egypt, organic waste forms about 50% of 
solid waste, while inorganic matter forms the remaining 50%” (35).  He also stated that 
this proportion varies with respect to developed and developing nations, where 
developed nations often have a much less percentage of organic waste as opposed to 
inorganic waste. This is generally due to the fact that developing nations are much 
more dependant on agriculture, while developed nations are more dependant on the 
industrial domain. Plastic solid waste that can be recycled constitutes approximately 
4% of the inorganic waste generated in the Greater Cairo area (35). Yet the problem of 
plastic waste has increased tremendously and becomes an extremely plaguing 
problem, due to the fact that there is a percentage of plastic waste that is un-recyclable 
and unusable.  
2.2.2 Plastic Waste 
 
2.2.2.1 What is Plastic? 
 
A plastic is any organic material with the ability to flow into a desired shape 
when heat and pressure are applied to it and to retain the shape when they are 
withdrawn (24). The considerable growth in plastic use is due to the beneficial 
properties of plastics. These include the following: 
 Extreme versatility and ability to be tailored to meet very specific technical 
needs. 
 Lighter weight than competing materials, reducing fuel consumption during 
transportation.  
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 Extreme durability.  
 Resistance to chemicals, water and impact.  
 Good safety and hygiene properties for food packaging.  
 Excellent thermal and electrical insulation properties.  
 Relatively inexpensive to produce.  
 
 
Figure 2.1: Uses of Plastics by Industry (30). 
 
 
Even though plastics have a variety of benefits, they are in fact detrimental to 
the environment. Many of the environmental impacts associated with the production 
and manufacturing of plastics include the fact that plastic production consumes a large 
amount of energy and materials, primarily fossil fuel that when combusted emits 
toxins into the air that are hazardous to the health of civilians. It is estimated that 4% 
of the world's annual oil production is used as a feedstock for plastics production and 
an additional 3-4% during manufacture (50). Plastics production also involves the use 
of potentially harmful chemicals, which are added as stabilizers or colorants. Many of 
these have not undergone environmental risk assessment and their impact on human 
health and the environment is currently uncertain (50). An example of this is 
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phthalates, which are used in the manufacture of Polyvinylchloride (PVC). PVC has 
in the past been used in toys for young children and there has been concern that 
phthalates may be released when these toys come into contact with saliva, if the toy is 
placed in the child’s mouth or chewed by the child (47). Risk assessments of the effects 
of phthalates on the environment are currently being carried out (50). Other 
environmental impacts of plastics include the extensive amount of water that is 
needed in manufacturing. Also, the numerous plastic bags that are dispersed as litter 
in urban areas have also become a plaguing concern. Due to the magnitude of the 
problem associated with plastic waste, this thesis focuses on methods and mechanisms 
to reduce this problem for the betterment of the environment and our lifestyles.  It has 
been shown that there are numerous benefits to the recycling of plastics. Such benefits 
include (50): 
 Reduce water usage by 90%  
 Reduce CO2 emissions by two and a half times. 
 Reduce energy consumption by two-thirds. 
 
A different study concluded that 1.8 tons of oil are saved for every ton of recycled 
polythene produced (50). The benefits of recycling plastics are numerous, and thus 
should be investigated and utilized to the fullest extent.  
 
2.2.2.2 Types of Plastic 
 
There are generally two basic types of plastics, thermoplastics and thermosets. 
Thermosplastics are those that when subjected to heat and pressure may be softened 
and remoulded repeatedly. Thermosets are those that can not be re-softened after 
being subjected to heat and pressure. When thermosets cool, they harden to a degree 
much stronger than that of thermoplastics, which disables them from re-softening 
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again.  Upon the application of heat and pressure on a thermoplast, the polymers, 
which are in the form of a chain, slide across one another allowing the material to 
have the element of ‘plasticity’. Yet, upon the application of heat and pressure on a 
thermoset, the molecular chains get cross-linked and thus hinder the slipping if any 
more heat and pressure is applied once more (24). This disables thermosets from being 
recycled again due to the fact that it cannot be melted and re-molded after it has been 
cured.  
Table 2.3: Differences between thermoplastics and thermosets (24) 
Thermoplastics Thermosets 
Soften when heated and harden again 
when cooled 
Polymers that when cured with the 
addition of energy, cure to a much 
stronger form 
Can undergo many melt/freeze cycles Stronger, More durable, Withstand high 
pressure 
Recyclable Not recyclable (cant be melted after 
curing) 
Examples: 
 PVC (Poly-vinyl chloride) 
 HDPE (high density 
polyethylene) 
 PS (polystyrene) 
 PP (polypropylene)  
 PET (polyethylene terephthalate)  
 
Examples: 
 Natural rubber 
 Bakelite 
 Urea-formaldehyde 
 Melamine 
 Polyester 
 Epoxy  
 
Thermoplastics generally may be recycled under the condition that they are 
not contaminated. If they are contaminated, then usually they are burned causing 
harmful emissions or landfilled. They are often referred to as “Plastic Rejects”, such 
as black plastic bags. This is basically due to the fact that it is too expensive to recycle 
these plastics. They require immense amounts of water and energy in order to clean 
them, which defeats the purpose of conservation in the first place. At this point it is 
very noteworthy to mention that the objective of this thesis is to use rejected plastic 
waste that is no longer usable. Hence the product which will be produced will 
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naturally have lower physical and mechanical properties than that of virgin plastic 
material. It may be used as a basis of comparison, but the properties should differ 
tremendously. 
2.3 Manhole Covers 
2.3.1 General 
  
Manhole Covers are circular plates or square that make up the lid or cover of 
manhole openings to sewer systems. They are generally located on pavements or 
roads, and thus must be very strong and durable to be able to withstand the load and 
impact of vehicles’ constant weight upon them. Wikipedia’s Encyclopedia defines it 
as the following: 
 
“A manhole or maintenance hole is the top opening to an underground vault used 
to house an access point for making connections or performing maintenance on 
underground and buried public utility and other services including sewers, 
telephone, electricity, storm drains and gas. It is protected by a manhole cover, a 
(usually metal) plug designed to prevent accidental or unauthorized access to the 
manhole. (58)” 
 
  They are generally made out of cast iron and sometimes made of concrete in 
order to bear the large loads. They usually weigh approximately 50 kg depending on 
the material used and size, and are often circular due to the fact that the manholes 
themselves are round and thus the manhole cover too (58). The circular round manhole 
tube has shown to be able to withstand the earth’s pressure the greatest. Also, the 
circular shape for the manhole cover allows for ease of rolling, manufacturing, 
installing, and maintaining.  Figure 2.2 shows a picture of a manhole cover in 
Princeton University, USA.  
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Figure 2.2: Manhole Cover in Princeton University, USA (58). 
 
There are several problems associated with manhole covers. Such problems 
include the fact that often the material used is cast iron, a very expensive, durable and 
useful material. This often causes the manhole covers to be stolen from off the streets 
and melted and sold on the black market. This can be seen critically in China where 
the Chinese government has been attempting to combat this problem of theft. 
According to a recent article in The Age newspaper, “the Chinese government’s 
efforts to reduce manhole cover theft have reduced the annual theft of manhole covers 
in Beijing to 4000 in 2005 from 24,000 in 2004” (53). According to the report, thieves 
can sell each manhole cover for US $3.20 on the black market.  The theft of these 
manhole covers can pose a serious problem. This problem is not only seen in China, 
but in Egypt and other developing countries too, where these covers are stolen off the 
streets and left in the ground is an empty open hole.  These open holes create a serious 
health hazard for various reasons. 1) Any child or infant running around may 
accidentally fall into one of these open holes, 2) people will often throw there garbage 
in these open holes causing the sewer system to get blocked up, 3) the chemicals and 
corrosive substances emanating from within the sewer system may dissipate into the 
air causing health hazards and pollution, and 4) vehicles on the road driving over this 
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open hole may get into accidents and dent or damage a vehicle considerably along 
with the persons riding within the vehicle.  Due to all of these problems, the theft of 
manhole covers is an increasing problem and must be dealt with spediantly. For this 
reason, and many others mentioned before, this thesis will produce durable manhole 
covers out of plastic rejects reinforced with different reinforcing elements. This 
manhole cover will ultimately be made out of rejected pieces of plastic garbage and 
will thus not be of any use to any thief.  The intention behind these plastic manhole 
covers, is to not only make them durable and strong, but economical and significantly 
cheaper than the already used manhole covers, thus making a profit in the competitive 
market.  
 
 
Figure 2.3: Painted Manhole Cover in Matsumoto, Japan (58) 
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Figure 2.4: Manhole Cover in Cairo in front of AUC in Mohamed Mahmoud street. 
 
2.3.2 Manhole Cover Properties According to Standards 
 
Manhole covers have certain standards and specifications that need to be 
adhered to no matter what the material, size or shape of the manhole cover may be.  
Standards that need to be looked at include: 
 
 BS EN 124 (1994 or 2004):  European standard for gully tops and manhole 
tops for vehicular and pedestrian users (27). 
 BS 497 (2006): Specification for Manhole Covers, Road Gully Gratings and 
Frames for Drainage purposes (23).  
 BS 7903 (1997): Guide to selection and use of gully tops and manhole covers 
for installation within the highway (26). 
 BS PAS 25 (1999): Plastics frames for use in gully tops and manhole tops for 
pedestrian areas (28). 
 ASTM F1142-98 (2003): Standard Specification for Manhole Cover 
Assembly Bolted, Semi-Flush, Oil-tight and Watertight (17) 
 ASTM F1143-98: Standard Specification for Manhole Cover Assembly, 
Bolted, Raised, Oil-tight and Watertight (18) 
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 ASTM F1144-98: Standard Specification for Manhole Cover Assembly, 
Bolted, Semi-Flush, Oil-tight and Watertight, Hinged (19) 
 ASTM C1094 (2001): Standard Guide for Flexible Removable Insulation 
Covers (5) 
 ASTM C478: Specification for Precast Reinforced Concrete Manhole 
Sections (4). 
 ASTM D3753 (2005): Standard Specification for Glass-Fiber-Reinforced 
Polyester Manholes and Wetwells (12) 
 ASTM A830/A830M-02: Standard Specification for plates, carbon steel, 
structural quality, furnished to chemical composition requirements (3) 
 DIN 19596-3 (1990): Manhole tops classes A 15 and B 125, circular; covers 
(34). 
 DIN 4271-3 (Aug. 1998): Manhole tops, class B 125 - Part 3: Covers (33) 
 
Standard BS EN 124 will be the basis and guide for this thesis. The minimum 
Classification for all chamber covers and gully covers installed in areas of trunk roads 
and motorways that are likely to be subject to traffic, either directly or indirectly, shall 
be D400 of BS EN 124.  
Table 2.4 shows the classification for the different manhole covers and their 
requirements based on BS EN 124. The opening of manhole covers designed for man 
entry shall comply with the safety requirements in force at the place of installation. 
Generally, this is considered to be at least 600 mm diameter. Load tests are to be 
performed on the manhole covers to ensure their durability and strength. Table 2.5 
shows the test loads for manhole covers according to the desired classification form 
table 2.4. Table 2.5 is a summary of table 2.4 with emphasis on selected such as 
strength according to the Class of the manhole cover. Accepted test load and strength 
test load differ in that the acceptance test is a non-destructive test based on the 
maximum deflection of the specimen before failure, whereas the strength test load is a 
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destructive test that determines the maximum deflection upon failure of the specimen.  
Tests to be carried out on the specimens and the manhole cover samples will be 
discussed in Chapter 4 of this thesis; Experimental Procedure. 
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Table 2.4: (27)
   
 
  21
 
Table 2.5: Test Loads for Manhole Covers according the BS EN 124 (27) 
 
 
2.4 Reinforcement Materials 
 2.4.1 Fiberglass  
 
2.4.1.1 General 
 
Fiberglass or glass fibers, is a product produced out of very fine fibers of 
glass. It became useful and effective in its ability to replace asbestos in many 
applications as an environmentally friendly alternative. There are generally three main 
types of fiberglass; continuous, insulation wool, and special purpose fibers. 
Continuous fiber glass is used in electrical insulation, and as a reinforcing agent for 
cement and plastics reinforcement, (i.e. GRC - Glass Reinforced Concrete, GRP - 
Glass Reinforced Plastics, and GRE – Glass Reinforced Epoxy). It can generally be 
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quite promising to reinforce plastics with fiberglass. Figure 2.5 shows the increase in 
strength when plastics are reinforced.  
 
 
Figure 2.5: Stress-Strain curve of un-reinforced plastics and plastics reinforced with 
fiberglass (57). 
 
Insulation wool is often used for thermal and acoustic insulation, and special 
purpose fibers are often used for heat resistance and light weight materials. 
Continuous glass fibers come in various forms including continuous strand mat, 
chopped strands, milled fibres, etc. Chopped strands are generally supplied in lengths 
varying from 1.5-50 mm. This form of continuous fibres has been widely used in the 
application of the reinforcement of thermoplastics. Milled fibres are generally below 
1.5 mm and are powder-like. They are often used in electrical applications but can 
also be used in the reinforcement of cementitious materials (43).  Milled fibers provide 
stiffness and dimensional stability to plastics, but do not provide considerable strength 
(57). Figure 2.6 shows the production of chopped strands fiberglass. 
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Figure 2.6: Production of Chopped Strands Fiberglass (57) 
 
 
Fiberglass is often characterized according to the different classes it belongs 
to. Such classes include A, AR, C, E, S glass, etc. These most common types are 
characterized as follows (43): 
 
 A glass: Alkali-containing glass used for fibre manufacture 
 AR glass: Alkali-Resistant glass used for reinforcing cement 
 C glass: Chemically resistant glass used for fibre manufacture 
 E glass: Normal type of glass used in continuous glass fibers. Has high 
electrical resistance, and alkali content of less than 1%.  
 S glass: Similar characteristics as E glass, but has higher strength. 
These different classes are based on the manufacturing process of the glass fibers. 
Over 90% of glass fiber use falls under the general purpose products and are of type E 
glass (57). My concern and focus with glass fibers is its efficiency as a reinforcing 
agent in composite materials. For composite materials approximately 0.5 - 2.0 % of 
the weight of the product is added in as fiberglass particles (44). However when 
choosing to study fiberglass as a composite material, it needs to first be assessed what 
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the desired properties are. For example GRC (Glass Fiber Reinforced Concrete) 
requires glass fibers of either type E or AR glass that are either low in alkalinity or 
alkaline resistant due to the reactivity that occurs within the cement paste when 
alkalinity is present. If a product requires high tensile strength and is apt to carry large 
loads, then fiber glass of S glass type would probably be used. It is imperative to 
assess the characteristics and properties of the desired product to properly understand 
what is needed for reinforcement. Table 2.6 shows the physical and mechanical 
properties of fiber glass particles.  
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Figure 2.7: Schematic Diagram of how fiberglass reinforcement is made (2) 
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Table 2.6: Mechanical and Physical Properties of Fiber glass particles (57). 
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2.4.1.2 Glass Fiber Reinforced Plastics (GFRP/ GRP) 
 
 Glass Fiber Reinforced Plastics (also known as GFRP or GRP) is a composite 
material using fiber glass and some form of plastic. The type of fiber glass used in 
GRP is often CSM (Chopped Strand Mat), but woven fabrics and other forms are also 
used. Plastic resins are generally quite strong in compressive strength, however are 
quite weak in tensile strength. Whereas glass fibers are in fact strong in tensile 
strength, but do not have any compressive strength. In this respect if we allow the two 
to work together, they may resist compressive and tensile loads whenever subjected to 
them (46). The tiny fiberglass strands prevent any cracks or flaws within the product to 
escalate and destroy the product as a result (2). Figure 2.8 displays how this is possible. 
When the crack begins to escalate within the specimen, the rate of escalation will 
decrease considerably, and on occasion halt the process of cracking, by the fibers 
presence in its path.   
  
 
Figure 2.8: How Fiberglass stops cracks (2) 
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 2.4.3 Foundry Sand 
 
Foundry sand is a by-product waste sand from a foundry, or factory that 
produces castings of metal. Iron is the most common element used in foundries but 
other heavy metals have been known to be used including aluminium, copper, lead 
and zinc (22). Foundry sand is essentially uniformly sized sand with high quality silica 
content.  It is used as a mold to cast the metals into the desired product. The sand 
mold is bonded together using organic binders. The sand casting system is the most 
commonly found system in the metal molding industry. The foundry sand is generally 
clean before it is used in the casting process, but once it has been used it may become 
hazardous (56). The used or spent material often contains residues of the heavy metals 
and binder which may act as leachable contaminants. The residual sand is routinely 
screened and returned to the system for reuse. As the sands are repeatedly used, the 
particles eventually become too fine for the molding process and combined with heat 
degradation from repeated pourings, requires periodic replacement of "spent" foundry 
sand with fresh foundry sand. This "spent sand" is black in color and contains a large 
amount of fines (particles of 100 sieve size or less) (21). Most of the sand cast molds 
used for iron castings are of a type of foundry sand called green sand, which consists 
of high-quality silica, bentonite clay, sea coal and water. The green sand is not 
actually green in color, but refers to the fact that it is used in the wet state. In the past, 
once the casting has been done, the spent foundry sand was often no longer used due 
to fears of environmental concerns and contamination. However according to an 
article in Civil Engineering Magazine, it was quoted that “fears of environmental 
contamination have recently been laid to rest with new studies indicating that certain 
types of waste foundry sand are not only ecologically safe but literally cheaper than 
dirt in some cases.” (37).  According to a study done by the U.S National 
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Transportation Board, “the annual generation of foundry waste, including dust and 
spend foundry sand, in the U.S is believed to range from 9 to 13.6 million metric tons. 
Typically, about 1 ton of foundry sand is required for each ton of iron or steel casting 
produced” (31).  Most of this waste is landfilled, sometimes even being a cover 
material at landfill sites. It has been shown that spent foundry sand may be used in a 
multitude of applications without environmental considerations. A study done by 
Oakland-Berkeley Recycling Market Development Zone, shows that spent foundry 
sand may be used as an to asphalt mixes and in the design of decorative tiles with the 
sand (32).  The physical, chemical, and mechanical properties of spent foundry sand 
are shown in tables 2.7, 2.8 and 2.9 respectively.  
 
 
Table 2.7: Typical physical properties of spent green foundry sand (56) 
Property Results Test Method 
Specific Gravity 2.39 - 2.55 ASTM D854  
Bulk Relative Density, kg/m3 
(lb/ft3) 
2590 
(160) ASTM C48/AASHTO T84 
Absorption, % 0.45 ASTM C128 
Moisture Content, % 0.1 - 10.1 ASTM D2216  
Clay Lumps and Friable Particles 1 - 44 ASTM C142/AASHTO T112 
Coefficient of Permeability 
(cm/sec) 10
-3 - 10-6 AASHTO T215/ASTM D2434 
Plastic limit/plastic index Nonplastic AASHTO T90/ASTM D4318 
 Source: U.S Department of Transportation (56) 
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Table 2.8: Foundry sand sample chemical oxide composition, % (56) 
Constituent Value (%) 
SiO2 87.91 
Al2O3 4.70 
Fe2O3 0.94 
CaO 0.14 
MgO 0.30 
SO3 0.09 
Na2O 0.19 
K2O 0.25 
TiO2 0.15 
P2O5 0.00 
Mn2O3 0.02 
SrO 0.03 
LOI 5.15 (0.45 to 9.47) 2.1 - 12.1 
TOTAL 99.87 
  Source: U.S Department of Transportation (56) 
 
 
Table 2.9: Typical mechanical properties of spent foundry sand (56) 
Property Results Test Method 
Micro-Deval Abrasion Loss, % < 2 – 
Magnesium Sulfate Soundness Loss, % 5 - 156 - 47 ASTM C88 
Friction Angle (deg) 33 - 40 – 
California Bearing Ratio, % 4 - 20 ASTM D1883 
 Source: U.S Department of Transportation (56) 
 
According to a Technology Brief done by the Clean Washington Center in Seattle, the 
uses for spent foundry sand in different applications include the following (21): 
 
Agricultural Products 
 Amendments 
 Commercial Soil Blends 
 Compost  
 Top Dressing 
 
   
 
  31
Geotechnical Applications 
 Barriers 
 Embankments 
 Highway Construction 
 Landfills 
 Road Bases 
 Structural Fills 
 
Manufactured Products 
 Asphalt 
 Concrete Products 
 Flowable Fill 
 Portland Cement 
 
 2.4.4 Regular Sand  
 
Regular sand will be used for reinforcement of the plastic rejects to enhance 
the properties and durability of the manhole cover. According to the master’s thesis 
dissertation of Mohamed Kamal Abou Khatwa, Utilization of municipal solid waste 
rejects in the production of a recycled plastic waste composite material, regular sand 
was used as a reinforcing material to the rejected plastic waste and has shown to have 
promising results in terms of  mechanical properties(1). Regular sand composed of 
silica has been used as a reinforcing element for decades in construction materials, 
and has shown to be a reliable reinforcing agent.  
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CHAPTER 3 
LITERATURE REVIEW 
3.1 Recycling  
 
The recycling of plastics has been explored on different avenues, however 
very little research has been done to examine the usage of contaminated plastic bags, 
also called plastic rejects.  Thermoplastic rejects are often not economically recycled. 
Thermosets as mentioned before have been deemed uncrecylable. This thesis 
investigates the feasibility of using a mechanism to incorporate thermoplastic rejects 
and reinforcing elements to produce a durable product that is useful, economical, and 
beneficial for society. This product is a manhole cover and its base. Other researchers 
have investigated using mixed types of thermoplastics with certain types of crushed 
thermosets to also produce a viable product.  It has been shown and proven that in fact 
certain types of HDPE thermoplastics and recycled Urea-Formaldehyde thermosets 
when mixed and utilized together, produce products that are in fact significantly 
higher in tensile strength than regular plastic products such as polyethylene (23). 
According to Bliznakov, White and Shaw from the University in Connecticut (23), 
“The improvement in the properties was assigned to an increased interaction between 
the filler and the polymer matrix.” Other researches are currently in progress as to the 
feasibility of using thermosets and thermoplastic rejects as new useful products, 
however their results are still unknown (23). 
Recycling discarded or rejected plastic waste is quite a challenge due to the 
fact that reusing a mixture of different types of plastics involves a form of chemical 
glue to link the incompatible polymers together (29). Bernard Dubrulle in New York 
has developed a method that feeds the plastics into a chamber with whirring blades 
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that chops them up into very small pieces. By doing this he has broken the existing 
chemical bonds in the plastics, allowing there to be new bonds to form (29).  
When discussing the recycling of plastic waste one issue always comes into 
consideration; sorting. The sorting of plastic waste can be a time consuming, and 
energy consuming process that may not necessarily be cost efficient.  However in the 
Rensselaer Polytechnic Institute (RPI) in Troy, N.Y, there have been studies of 
recycling without the need for conventional sorting (52).  First the unsorted plastic is 
coarse-shredded and then washed to remove dirt. Then xylene (a solvent) is added to 
dissolve whatever polystyrene is present in mixture. It is then drained out along with 
the polystyrene liquid and any contaminant. The same xylene is then heated and 
introduced to the plastic mixture at which it begins to dissolve the polyethylene in the 
same manner it dissolved the polystyrene. Again it is drained and this process is 
repeated several times for each type of plastic until all that is left to the from the batch 
is pure useful plastics. According to a statistic that has been claimed by the institute 
from this process, “The energy in 3 pounds of oil makes 1 pound of virgin plastic. The 
recycling process can yield an equivalent amount of recycled plastic for 37 percent 
less energy.” (52).  
Another method of recycling plastics was investigated using pyrolysis. The 
main 6 plastics found in Municipal Solid Waste (MSW) were examined and pyrolysis 
was done for the 6 plastics individually and combined (59). These plastics are shown in 
Figure 3.1. The individual plastics were pyrolized at a temperature of 550 °C, while 
the mixture was pyrolized at a temperature between 500 – 700 °C. It was shown 
through this that the pyrolysis of plastic waste produces oil or wax which has potential 
uses in to the petrochemicals industry (59). This can be a perfect example of the 
concept of “Cradle to Cradle” and how it can be utilized efficiently.  
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Figure 3.1: The Main Plastics Found in Municipal Solid Waste (59) 
 
 
 Even though the technologies and advancements with respect to recycling 
plastics have soared, there remains the unanswered question of cost. Does the 
economics of undergoing the process weigh out and pay off in the end? According to 
an article in Geographical publication titled “The Cost of Recycling”, the answer is 
no. The article states that “more money is spent recycling plastic products than is 
reclaimed in the process. The resulting extracted plastics can be used for low-grade 
products with little market value. Plastics degrade during recycling that they can only 
undergo the process once.” (54).  However according to a study entitled “The Cost of 
Reducing Municipal Solid Waste” done by Resources for the Future foundation (50), it 
was shown that plastic recycling pays back once it is done in large quantities. If it is to 
be done for a whole community or district the pay backs may be more obvious, yet 
when the quantities are much lower, the cost becomes an obstacle due to energy cost, 
transportation cost, sorting, labor cost, etc (51). The importance of recycling plastics 
can not be overstated as its benefits are plentiful.   
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3.2 Reinforcing agents 
 
Master’s thesis dissertation done by Mohamed Abou Khatwa explores 
utilizing municipal solid waste rejects in a composite material (1). He investigated 
melting plastic rejects and reinforcing it with regular sand at percentages of 20, 40, 
and 60% of its weight. His conclusions were promising showing flexural strengths to 
be quite acceptable with 40% sand content. Such flexural strengths were said to be 
higher than the ASTM limit for pedestrian and light traffic paving bricks (1). 
Yasser Ibrahim’s Masters thesis dissertation built upon Abou Khatwa’s thesis, 
to investigate reinforcing the plastic rejects with regular sand at percentages of 30, 40, 
and 50 %, as opposed to Abou Khatwa’s 20% increments. Yasser Ibahim wished to 
use this composite material to produce breakwaters and hence was testing for 
durability and strength of the product. He concluded that 0% sand was the most 
suitable for floating breakwaters, while 40% sand was the most suitable for 
breakwaters (armour units) due to its superiority in compressive strength (41).  
 
Fiber glass has been explored as a reinforcing agent to plastics extensively. 
The name GFRP or GRP (Glass Fiber Reinforced Plastics) has been used to name 
such products. The important factor involved with GRP products is the amount of 
fibreglass incorporated into the product. Mariatti and Chum explore the effect of the 
resin to fiber ratio on the properties of GRP. They explored resin to fiber ratios of 4:1, 
3:1, 2:1, 1.5:1, and 1:1. Their study indicated that lower resin/fiber ratios or higher 
fiber content resulted in higher flexural strength and a higher modulus for GRP 
composites (45).  
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 Ghosh and Bose however have studied the effect of the GRP composite when 
using different types of glass fibers. Glass fibers of type E glass and N glass were 
compared in terms of physical and mechanical properties to the GRP composite 
material. It was shown from their study that “as a reinforcing agent E-glass fiber is 
superior to N-glass fiber, particularly with respect to development of flexural strength 
and modulus, impact strength, and thermal resistance; N-glass fiber, however, imparts 
to the composites substantially higher resistance to hydrothermal degradation under 
boiling conditions in different chemical environments.” (38).  
3.3 Manhole Covers 
 
Recycling research centers at AUC are currently exploring recycling plastic 
rejects and using it as durable product to be sold to consumers in the commercial 
market. An Egyptian NGO, Association for the Protection of the Environment (APE), 
in cooperation with AUC, has been exploring and studying this form of recycling for 
many years, and is currently producing manhole covers, paving blocks, and speed-
bumps made out of plastic rejects and reinforced with regular sand. These products 
are sold to consumers in the competitive commercial market at cost (35). Figures 3.2, 
3.3 and 3.4 show these products. Figure 3.4 shows the manhole cover and base 
produced out of plastic rejects mixed with sand.  
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Figure 3.2: Paving Blocks made out of plastic rejects (35) 
 
 
Figure 3.3: Speed bump made out of plastic rejects (35) 
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Figure 3.4: Manhole Covers made out of plastic rejects (35) 
 
Other organizations in Egypt are also pursuing the same objective. An eco-
touristic resort in Egypt along the Red Sea coastline named El Gouna has also been 
producing products made out of plastic rejected waste. However they are producing 
clothes hangers and plastic garbage bags, to be sold and used in their hotels. Figure 
3.5 and 3.6 shows the machines for producing plastic garbage bags in El Gouna 
resort. 
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Figure 3.5: Plastic bags coming out of the plastic film machine. 
 
 
 
Figure 3.6: Plastic bags being cut according to size. 
 
 In Japan several techniques have been under investigation to improve manhole 
covers. Techniques to decrease bending stress, reduce cover weight, and reduce 
rattling noise and cover vibration have been studied in order to alleviate problems 
associated with noise pollution from manhole covers rattling and flipping out of their 
sockets (42). This has been one of the largest problems associated with heavy weight 
metallic manhole covers. Other materials for this reason have been investigated for 
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use but fear of sacrificing the durability and strength of the manhole cover become an 
issue. In India developments were underway in the early 90’s to use Plastic Fibre 
Reinforced Concrete (PFRC, came to be known as Polycrete) composites in manhole 
covers. O. P. Ratra, who became the developer and patented polycrete, showed that 
this product could bear loads anywhere from 4 to 38 tonnes, depending on the 
dimensions of the manhole cover (49). These covers also showed improved impact 
strength, crack resistance, and greater ductility and resilience (49). He later began to 
use enhanced plastic fibers in the form of a wide mesh mat to increase the durability 
and impact load and vibrations (48). This proved to create better bonding between the 
concrete and the plastic fibers and was proven to be more long lasting in terms of 
sustainability. 
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CHAPTER 4 
EXPERIMENTAL PROCEDURE 
 
4.1 Materials 
 
The different materials used within the experimentation process include rejects 
of thermoplastics, foundry sand, regular sand, fiberglass as chopped strands and 
milled fibres, and steel bars for reinforcement 
 
4.1.1 Recycled Plastic Rejects 
 
The plastic that was used was recycled plastic of thermoplastic nature. The 
plastic was gathered from garbage that was collected and separated according to 
material type. The garbage is separated on a conveyor belt shown in Figure 4.1. All 
plastic type items placed together, generally consisting of contaminated garbage bags, 
thin film plastics, plastic bottles, and other such plastic items. The contaminated 
plastic bags should be cleaned and dried before agglomeration. This process of 
cleaning and drying contaminated garbage plastic bags is very costly and thus 
becomes unfeasible. The contaminated plastic bags might be mixed with some glass 
cullets and other impurities "rejects". In order to recycle these plastic rejects a specific 
process needs to be done (35). First the plastic must shredded or agglomerated into 
small granules. It is not recommended to use a shredder to cut plastic bags because of 
the capacity and energy consumption associated with such a machine. It is 
recommended however to use an agglomeration machine to agglomerate the plastic 
bags. Agglomeration is where indirect heat is added as a result of friction between the 
plastic bags and the blades in the agglomerator. Then small quantities of water will 
   
 
  42
convert the heated plastics into the agglomerate. Figure 4.2 shows a picture of the 
agglomerator machine. Once the agglomerates are produced, they then are placed in 
the extruder (mixing unit) along with other reinforcing materials to produce the 
desired paste. This will be discussed later in the chapter.  
 
Figure 4.1: Garbage being separated on conveyor belt. 
 
 
 
Figure 4.2: Plastic rejects in agglomerator
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4.1.2 Fiberglass – Milled Fibres 
 
Fiberglass in the form of milled fibres was provided by a supplier for 40 LE/kg. This 
fiberglass is of Type E glass.  The properties of this fiberglass are listed in table 4.1. 
Figure 4.3 shows glass fibers in the form of milled fibres used in the experimentation 
process.  
Table 4.1: Physical properties of fiberglass used in experimentation. 
Property Value 
Elasticity Modulus 77,000 N/mm2
Tensile Strength 1275 – 1766 N/mm2
Hardness (Vickers under 0.1kg load) 620 – 640  
Density 2.53 - 2.55 g/cm3 
Specific Heat 0.19 cal/g. K 
Coefficient of Thermal Conductivity 0.89 Kcal/h. m. K 
Cofficicient of Thermal Expansion 4.8 * 10-6 K-1
 
 
Figure 4.3: Milled fibres used in the experimentation process. 
 
4.1.3 Fiberglass – Chopped Strands 
 
Fiberglass in the form of chopped strands was provided by a supplier for 14 LE/ kg. 
This fiberglass is of type E glass. The properties of this fiberglass are listed in table 
4.1.   Figure 4.4 shows the fiberglass used in the form of chopped strands used in the 
experimentation process. 
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Figure 4.4: Chopped strands used in the experimentation process. 
 
4.1.4 Foundry Sand 
 
Foundry sand was obtained outside a metal factory as a waste. Figure 4.5 shows the 
foundry sand used in the experimentation process. 
 
Figure 4.5: Foundry Sand used in the experimentation process 
 
4.1.5 Regular Sand 
 
 Regular sand was obtained from the Construction Laboratory at AUC. Sand 
less than sieve size #8 (2.36 mm) was used in the experimentation process. This was 
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taken upon recommendations from Abou Khatwa (1) and Ibrahim’s (41) 
experimentation.  
 
4.1.5 Steel Bars Reinforcement 
 
A steel mesh will also be incorporated in the manhole cover to enhance the 
mechanical properties of the manhole cover. The steel mesh prepared contains 10% 
reinforcement of the total volume of the manhole cover. The manhole cover has 
dimensions of 30 cm diameter and 6 cm thickness, giving it a volume of 4241.15 cm3. 
10% of this volume is 424.11 cm3. Four different diameter size steel bars will be used; 
8, 10, 12 and 16 mm at different spacings depending on the number of bars needed to 
constitute 10% reinforcement. Accordingly, Φ8mm steel mesh contained 30 bars, 15 
bars in each direction. Φ10mm steel mesh contained 18 bars, 9 bars in each direction. 
Φ12mm steel mesh contained 14 bars, 7 bars in each direction, and finally Φ16mm 
steel mesh contained 8 bars, 4 bars in each direction. Table 4.2 indicates the weight of 
each steel mesh. The four steel meshes were prepared in the construction laboratory at 
AUC. 
Table 4.2: Weight of steel meshes 
Diameter Size No. of bars used Weight (g) 
Φ8mm 30 (15 in each direction) 2581.34 
Φ10mm 18 (9 in each direction) 2314.68 
Φ12mm 14 (7 in each direction) 2636.07 
Φ16mm 8 (4 in each direction) 2732.48 
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Figure 4.6: Prepared Steel meshes 
 
 
 
 4.2 Sampling 
4.2.1 Combination of Mixes 
 
 The sampling began by organizing the different mixes and percentages of each 
component in each mix. There were 4 different types of mixes. All of the four mixes 
utilized the recycled plastic rejects that was provided by the Association for the 
Protection of the Environment (APE). The four reinforcing agents that were added to 
the plastic rejects were added in varying percentages to determine the most efficient 
combination. The percentages of each material are relative to the total weight of the 
mix. For simplicity and ease, each mix had a total weight of 1 kg. The four mixes and 
there designated percentages are shown in table 4.3.  
 
 
 
   
 
  47
Table 4.3: Combination of Mixes with designated percentages  
Plastic Rejects 
1. 100% 
No reinforcement 
1. 0%  
Plastic Rejects  
1. 90% 
2. 80% 
3. 70% 
Foundry Sand 
1. 10% 
2. 20% 
3. 30% 
Plastic Rejects 
1. 90% 
2. 80% 
3. 70% 
Regular Sand 
1. 10% 
2. 20% 
3. 30% 
Plastic Rejects 
1. 99.5% 
2. 99% 
3. 98.5% 
4. 98% 
5. 95% 
Fiberglass as Chopped Strands 
1. 0.5 % 
2. 1% 
3. 1.5% 
4. 2% 
5. 5% 
Plastic Rejects 
1. 99.5% 
2. 99% 
3. 98.5% 
4. 98% 
Fiberglass as Milled Fibers 
1. 0.5% 
2. 1% 
3. 1.5% 
4. 2% 
 
As shown from the table above, there were a total of 16 mixes including the control 
mix with 100% plastic rejects and no reinforcing agent. All the other variable mixes 
are compared to this control mix.  The percentage reinforcements are a percentage of 
the total weight of the sample.   
 
4.2.2 Procedure 
 
 The procedure in which the experiments were done began by first measuring 
the correct quantities of each material to be placed in the designated mix. Each mix 
had a total weight of 1 kg for simplicity. The elements of the mix were placed 
together in a bag and mixed properly to create a homogenous mixture. This needs to 
be done to the mix before experimentation in order to prepare it. This all needs to be 
done in the preparation phase. 
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 The machine to be used to transform the mix into the semi-melted paste that 
will later become a product is called an extruder machine. A schematic diagram of the 
extruder used is shown in figure 4.7.  In this machine there are several components 
that need to be noted. The machine is shown in figure 4.8. The machine has two 
electric heaters. The first heater is to heat the mix to a desired temperature and 
properly melt it while the second heater ensures the flow of melted plastic with the 
additives before extrusion of the paste from the nozzle. The first heater is heated to a 
temperature of 150°C, while the second heater is heated to a temperature of 250°C. 
As shown from the figure 4.8, the heaters are insulated and covered with glass wool to 
contain the heat and minimize the heat loss. The cooling section is located at the 
beginning of the extruder with the water inlet and outlet to guarantee there is no 
melting in the mixing or feeding chamber.  The funnel or hopper as shown again in 
figure 4.9 is where the mix is placed once the heaters have been heated to the desired 
temperatures. The mix is placed slowly so as not to clog up the rotating screw that 
allows input into the machine. When the mix has been heated, melted, and cooled it 
begins the extrusion out of the nozzle. There should be someone waiting on the nozzle 
end with a long board to support the paste as it comes out. This may be seen in figure 
4.11. When the paste comes out of the machine, it is still quite soft. The paste is left in 
the sun to dry, harden, and cool off for about 30 minutes before it is taken to the 
workshop for machining. Figure 4.12 and 4.13 shows the paste after exiting the 
machine.  
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Figure 4.7: Schematic Drawing of Extruder Machine 
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Figure 4.8: Extruder used to heat and produce the recycled plastic paste. 
 
 
Figure 4.9: Rotator of machine where mix is inputted. 
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Figure 4.10: The outside of the funnel that holds the mix going into the grinder 
 
 
 
Figure 4.11: Supporting the paste as it comes out of the nozzle. 
 
 
 
Hopper 
Motor 
Gear Box 
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Water Outlet 
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Figure 4.12: Recycled plastic paste after it has exited the machine. 
 
 
 
Figure 4.13: Close-up of paste after it has exited the machine. 
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4.2.3 Machining of Specimens 
 
 Once the paste has hardened and cooled it may be taken to the workshop for 
machining. There are two types of machining that were done on the specimens. The 
first type of machining is called milling, where a machine with blades and knives saw 
away at the specimen until it is at the desired dimensions. This type of machining 
leaves internal structure of the specimen as is. The second type of machining is called 
rolling and then cutting. In this method, the specimen is placed under a large roller 
where it rolls over the specimen several times and under pressure the specimen 
becomes flattened. In this method, the internal structure of the specimen becomes 
compacted and any existing air bubbles are eliminated. This type of machining can be 
considered a form of compaction of the paste. The specimens become flatter under 
pressure. The pressure used by the roller on the specimens was approximately 3 bars. 
Once the specimen has been rolled, it can then be cut by sharp knives into the desired 
measurements that is needed. It is noteworthy to mention that all the specimens for all 
the 16 mixes underwent the process of rolling, but only 8 mixes underwent the 
process of milling as a basis of comparison as to which method would be more 
efficient, durable, safer, and effective. These 8 mixes were all the mixes used on the 
fiberglass (milled fibers), and all the mixes used on foundry sand, and the 0% mix 
with no reinforcement. Table 4.4 shows the different mixes used in each machining 
method. 
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Table 4.4: Different mixes used in each machining method 
Rolling Method Milling Method 
1. 0% - No reinforcement 
2. 10% Foundry Sand 
3. 20% Foundry Sand 
4. 30% Foundry Sand 
5. 10% Regular Sand 
6. 20% Regular Sand 
7. 30% Regular Sand 
8. 0.5% Fiberglass – milled fibers 
9. 1% Fiberglass – milled fibers  
10. 1.5% Fiberglass – milled fibers 
11. 2% Fiberglass – milled fibers 
12. 0.5% Fiberglass – chopped strands 
13. 1% Fiberglass – chopped strands 
14. 1.5% Fiberglass – chopped strands 
15. 2% Fiberglass – chopped strands 
16. 5% Fiberglass – chopped strands 
1. 0%  - No reinforcement 
2. 10% Foundry Sand 
3. 20% Foundry Sand 
4. 30% Foundry Sand 
5. 0.5% Fiberglass – milled fibers 
6. 1% Fiberglass – milled fibers 
7. 1.5% Fiberglass – milled fibers 
8. 2% Fiberglass – milled fibers 
  
 
 
 
Figure 4.14: Milling machine used on specimens 
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Figure 4.15: Rolling machine used on specimens 
 
 
 
Figure 4.16: Cutter used to cut specimens into desired dimensions 
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4.3 Testing 
 
 The tests can generally be divided into two categories. Tests done to determine 
the mechanical properties of the specimen, and tests done to determine the 
environmental properties of the specimen. ASTM D4762-04 (14) was used as a guide 
to help decide which tests needed to be done. This is a standard guide for testing 
polymer matrix composite materials. ASTM D883-00 (10) was also used. This is a 
standard terminology relating to plastics to help me with the definitions and 
terminology.  
4.3.1 Mechanical Tests 
 
4.3.1.1 Tensile Strength Test 
 
 To determine the properties of tensile strength of the specimens, tests were 
done in accordance with ASTM D3039-00 (11).  Tensile strength test was performed in 
order to determine the ultimate tensile strength and area under the curve for this 
property. Specimens were machined to dimensions of 25 x 250 x 2.5 mm in 
accordance with ASTM D3039-00. Gauge length was 100 mm, with the grips firmly 
holding the tabs. Figure 4.17 shows the shape of the specimen after it has been 
machined into the designated measurements ready for testing. The tensile test occurs 
on a Universal Testing Machine (UTS) available at the Mechanical Engineering 
Department at AUC. Standard ribbed Grips were used to hold the specimen in place. 
A constant head speed of 5 mm/min was used to allow for failure anywhere between 1 
to 10 minutes. Number of test specimens was between 3 and 5, with a minimum of 3 
specimens for accuracy of data. Figures 4.18 and 4.19 show the UTS machine and the 
specimen held on the grips. 
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Figure 4.17: Shape of specimen ready for tensile test 
 
 
 
Figure 4.18: The Universal Testing Machine ready for a tensile test 
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Figure 4.19: The specimen held on the grips ready for the tensile test 
 
 
4.3.1.2 Flexural Test 
  
 To determine the properties of flexural strength of the specimens, tests were 
done in accordance with ASTM D 790-03 (8). The flexural test was performed on the 
specimens in order to determine the ductility of the specimens as well as their flexural 
strength. Specimens were machined to dimensions of 127 x 12.7 x 4.5 mm in 
accordance with ASTM D790-03. Gauge length was 70 mm, with a span to depth 
ratio of 16. Figure 4.20 shows the shape of the specimen after it has been machined 
into the designated measurements ready for testing. The flexural test occurs on a 
Universal Testing Machine (UTS) available at the Mechanical Engineering 
Department at AUC. A flexural apparatus was constructed by the Engineering 
Department to hold the specimen in place. This apparatus allows for a 3-point bending 
test. The apparatus was placed and aligned on the UTS machine with two concentric 
compression plates below and above the apparatus to allow it to function properly. A 
constant head speed of 2 mm/min was used to allow for failure anywhere between 1 to 
10 minutes. Number of test specimens was between 3 and 5, with a minimum of 3 
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specimens for accuracy of data Figures 4.22 and 4.22 show the UTS machine and the 
apparatus placed on the concentric plates. 
 
 
Figure 4.20: Shape of Specimen ready for flexural test 
 
 
 
Figure 4.21: 3-Point Bending Apparatus on UTS machine 
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Figure 4.22: Flexural Apparatus on UTS machine, side profile 
 
 
4.3.1.3 Density and Specific Gravity Test       
 
To determine the properties of density and specific gravity of the specimens, 
tests were done in accordance with ASTM D792 – 00 (9).  Any single piece of the 
material may be used for the test of any size and shape so long that its volume is more 
than 1 cm3 and weighs between 1 and 5 g, although any specimen up to 50 g is still 
suitable for use. Figure 4.23 shows the shape of the specimen used for testing. Density 
of the specimens are assessed on an apparatus that contains a beaker of water and an 
immersion vessel that holds the specimen under water. The vessel is connected to a 
digital reader. Once the specimen is placed securely under the immersion vessel, the 
digital reader reads the density of the specimen automatically based on the change in 
the amount of water in the beaker. The number of test specimens are 2 for accuracy of 
data. Figures 4.24 and 4.25 show the apparatus and digital reader. 
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Figure 4.23: Shape of specimen ready for density test 
 
 
 
Figure 4.24: Density apparatus with immersion vessel inside water beaker 
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Figure 4.25: Close-up of immersion vessel in density apparatus. 
 
 
4.3.2 Environmental Tests 
 
4.3.2.1 Chemical Resistance Test 
 
 To determine the properties of chemical resistance of the specimens, tests 
were done in accordance with ASTM D543-95 (6). The specimen is to later be used in 
the application of a manhole cover. Manhole covers need to be able to withstand the 
acidity of the sewage system that it carries. Thus the specimens were tested towards 
their resistance to an acidic solution with similar properties as sewage water. Sulfuric 
Acid with a pH of 3 was chosen, due to the fact that the acidity of sewage systems 
ranges from a pH of 3 or 4. Sulfuric acid was also chosen due to the fact that it plays a 
dual role of examining the effect of its high acidity, and its sulfates content. Sulfates 
may also be corrosive and thus must be investigated. The specimens were measured 
for dimensions and weight prior to immersion into the acid. They then remain 
immersed for 7 days in the acid and are then removed and the measured for 
dimensions and weight. The difference is recorded, and the differences in the 
specimens are examined and analyzed. It is expected that the acid should not have 
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affect the plastic specimens and that they should be able to withstand chemical 
resistance quite well. Figure 4.26 indicates the chemical resistance of certain plastics 
to different acids and bases.  From this figure it can be assumed that the specimens 
will be quite resilient to chemicals. Figure 4.27 shows the specimens being immersed 
in the sulfuric acid.  
 
Figure 4.26: Chemical Resistance of certain plastics at 23°C (30).  
 
Figure 4.27: Samples immersed in sulfuric acid. 
Key: 
1. Polyester (Fiberglass reinforced) 
2. Epoxide (Fiberglass reinforced) 
3. Furane 
4. Polyvinyl Chloride (rigid) 
5. Polyethylene 
6. Polypropylene 
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4.3.2.2 Leachate Test 
 
 The leachate test is necessary due to the heavy metals existing in the 
reinforcing element of foundry sand. According to both Abou Khatwa (1) and 
Ibrahim’s (38) thesis, the recycled plastic rejects did not leach any heavy metals that 
were worth noting, and thus were deemed safe. The degree to which heavy metals will 
be found in these specimens with the foundry sand reinforcement is minimal, however 
to be sure the test is done in accordance with ASTM D3987-85 (13) and ASTM D4874-
95 (15). The EPA (U.S. Environmental Protection Agency) has also produced a 
standard test methodology for leachate test under test method SW-846 method 1311: 
Toxicity Characteristic Leaching Procedure (36). However the apparatus associated 
with this standard is not available in the AUC laboratories, thus the test was done in 
accordance with ASTM D3987-85. The foundry sand was tested separately for heavy 
metals as well as the mixed composite specimen in two separate containers. The 
specimen and the foundry sand were immersed in distilled water for 18 hours, and 
then tested for pH, Total Hardness, and heavy metals of magnesium and silicon. A 
MACH DR/2000 Direct Reading Spectrophotometer was used to analyze the heavy 
metals in the composition.  
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Figure 4.28: Beaker of foundry sand on the left. Beaker of composite material on the 
right.   
 
 
Figure 4.29: Spectrophotometer used to analyze chemical constituents 
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4.3.3 Testing Manhole Cover 
  
 Once the most optimum reinforcing agent is chosen, it needs to be tested as a 
manhole cover with the plastic rejects. The best reinforcing agent and designated mix 
is prepared in the same manner as previously stated. A steel mesh is used to reinforce 
some of the manhole covers to determine the strength of the cover with and without 
the steel mesh. Four different diameter steel meshes will be used as previously 
described in the chapter. The steel mesh is placed one-third from the bottom of the 
manhole cover mold. The designated mix is then poured into the mold and compacted 
with a hydraulic press. Figure 4.30 shows the manhole cover being compacted in the 
hydraulic press as it is in the mould. Once it is compacted it is left to harden for about 
30 minutes and then removed to continue drying and hardening. Once the manhole 
cover is hardened, it is tested for its strength. Eight different manhole covers were 
produced and tested. Four of these manhole covers were without steel reinforcement, 
and contained only different combination of regular sand, foundry sand, and fiber 
glass reinforcement. The four remaining manhole covers used the four steel meshes 
prepared with the combination mix of foundry sand and plastic rejects. Figure 4.31 
shows composition of the eight manhole covers. Figure 4.32 shows the schematic 
diagram of the whole process of producing a manhole cover.  
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Figure 4.30: Manhole Cover being compacted in hydraulic press. 
  
 
 
 
 
 
 
 
 
*Plastic Rejects 
*Regular Sand 
*Plastic Rejects 
*Foundry Sand 
*Plastic Rejects 
*Foundry Sand 
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*Foundry Sand 
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Figure 4.31: Composition of 8 Different Manhole Covers 
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Figure 4.32: Schematic Diagram of Plastic Rejects for Manhole Cover Products 
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The test that was performed on the manhole covers was a biaxial loading test 
referred to as bulge test.  For a manhole cover that will be subjected to either 
vehicular or pedestrian loads, a biaxial loading test is the most suitable and 
appropriate test to be performed. The test was done in accordance with ASTM Journal 
STP 563 (20). The test encompasses using a hollow ring whose diameter is 2 cm less 
than the cover, in which the manhole cover will sit in. A plunger with a diameter half 
that of the inner hollow ring will press on the manhole cover from above. The 
diameter of the plunger is 14 cm. This apparatus will all be fixed on to a Universal 
Testing Machine (UTS) with a constant head rate of 5 mm/min. Figure 4.33 shows the 
manhole cover being tested on the UTS machine.  
 
Figure 4.33: Manhole Cover being tested on UTS machine.  
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CHAPTER 5  
RESULTS AND DISCUSSION 
5.1 Mechanical Properties 
5.1.1 Tensile Strength 
 
5.1.1.1 Properties 
 
 The tensile properties for the different reinforcing elements showed great 
significance in the way the material behaves. Tables 5.1, 5.2, 5.3, and 5.4 shows the 
ultimate tensile strength of the composite material reinforced with fiberglass-chopped 
strands, fiberglass-milled fibers, foundry sand, and regular sand respectively. Table 
5.5 shows the mean tensile strengths for each of the reinforcing elements in the 
composite material. In terms of the reinforcement with fiberglass-chopped strands, it 
can be seen from table 5.5 that 1.5% reinforcement gave the most promising results 
with a mean ultimate tensile strength of 12.3 MPa. The fiberglass-milled fibers 
reinforcement showed much more promising results with 2% reinforcement having 
the highest tensile strength of 19.9 MPa. In terms of fiberglass reinforcement, 
chopped strands are most often used as the most promising type for plastic 
reinforcement. However from these results, it can be evident that the milled fibers 
proved to be a more promising reinforcement for contaminated plastic rejects. This 
can be seen in Figure 5.1. The situation will obviously be different with plastic rejects 
than virgin plastic material, and as for fiberglass reinforcement for plastic rejects, 
milled fibers showed to have the most promising results and highest tensile strengths.  
 In terms of foundry sand reinforcement of the plastic rejects, the results in 
table 5.5 show that 10% reinforcement was the most suitable percentage that gave the 
highest tensile strength of 19.13 MPa.  As for regular sand, 10% reinforcement was 
   
 
  71
also the most suitable percentage that gave the highest tensile strength of 19.11 MPa. 
However the trend of foundry sand reinforcement curve in comparison to the regular 
sand reinforcement curve shown in figure 5.2, show that both sands reached a highest 
tensile strength of 19 MPa at 10% reinforcement and then declined with 20% and 
30%, however the degree of decline of the regular sand in comparison to the foundry 
sand was much steeper. The regular sand declined much worse than the foundry sand, 
indicating the possibility that the heavy metals within the foundry sand in fact has a 
promising effect on the tensile strength. Foundry sand was shown to be a better 
reinforcing element in plastic rejects than regular sand, which is an optimistic 
observation considering the fact that foundry sand is also a hazardous waste plaguing 
the Cairo streets at this current moment. It is noteworthy to mention that in Abou 
Khatwa (1) and Ibrahim's (41) experimentation, their values concluded a 30 – 40 % 
reinforcement with regular sand as the results with the best strength. This difference, 
could be associated to the difference in technology used while preparing the mix. 
Both Abou Khatwa and Ibrahim prepared their plastic paste using a large heating 
mixer with a rotating blade, whereas this thesis explored using an extruder to heat and 
melt the plastic and produce the paste. The temperature used to heat the material was 
also different for both cases. Both Abou Khatwa and Ibrahim used a temperature of 
about 150°C to melt the plastic rejects, while this thesis used a temperature that 
ranged from 150 - 250°C. The difference in machinery and temperature is associated 
with this variance.  
 When the best percentages of all reinforcing elements were selected and 
compared in figure 5.3 in the tensile stress-strain curve, many observations can be 
seen. First, it can be noted that all reinforcing elements showed improvement from the 
0% no reinforcement specimens. Secondly, the highest tensile strength resulted from 
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reinforcement with fiberglass-milled fibers with 2% reinforcement. Second highest 
was foundry sand with 10% reinforcement, followed by regular sand 10% 
reinforcement , and finally fiberglass-chopped strands at 1.5% reinforcement. 
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Table 5.1: Ultimate Strength of Material Reinforced with Fiberglass – Chopped 
Strands (MPa) 
 Sample 0 0.50% 1% 1.50% 2% 5% 
1 10.04 10.9 10.6 13.1 12 9.1 
2 11.13 11.1 10.05 12.5 10.8 9.2 
3 10.04 10.5 12.45 11.9 11.2 9.1 
4 9.7 - - 11.8 10.5 - 
Mean 10.2275 10.83333 11.03333 12.325 11.125 9.133333 
Stan. 
Dev. 0.622649 0.305505 1.257312 0.60208 0.65 0.057735 
Minimum 9.7 10.5 10.05 11.8 10.5 9.1 
Maximum 11.13 11.1 12.45 13.1 12 9.2 
 
Table 5.2: Ultimate Strength of Material Reinforced with Fiberglass – Milled Fibers 
(MPa) 
 Sample 0 0.50% 1% 1.50% 2%
1 10.04 14.77 17.16 17.9 13.37
2 11.13 17.5 18.56 18.4 22.1
3 10.04 18.34 16.3 19.7 23.9
4 9.7 - - - 20.24
5 - - - - - 
Mean 10.2275 16.87 17.2 18.66667 19.9025
Stan. 
Dev. 0.622649 1.866521 0.839365 0.929157 4.604218
Minimum 9.7 14.77 13.56 17.9 13.37
Maximum 11.13 18.34 15.16 19.7 23.9
 
Table 5.3: Ultimate Strength of Material Reinforced with Foundry Sand (MPa) 
 Sample 0 10% 20% 30%
1 10.04 19.3 17.2 16.5
2 11.13 19.5 16.9 16.65
3 10.04 18.6 17.5 11.6
4 9.7 - - 11.5
Mean 10.2275 19.13333 17.2 14.0625
Stan. 
Dev. 0.622649 0.472582 0.3 2.902118
Minimum 9.7 18.6 16.9 11.5
Maximum 11.13 19.5 17.5 16.65
 
Table 5.4: Ultimate Strength of Material Reinforced with Regular Sand (MPa) 
 Sample 0 10% 20% 30%
1 10.04 19.9 13.3 8.75
2 11.13 18.05 14.5 8.37
3 10.04 19.38 10.7 7.11
4 9.7 - - - 
Mean 10.2275 19.11 13.6 8.076667
Stan. 
Dev. 0.622649 0.954096 0.916515 0.858448
Minimum 9.7 18.05 9.5 7.11
Maximum 11.13 19.9 11.3 8.75
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Table 5.5: Mean Ultimate Strength of Materials with Different Reinforcing Materials 
(MPa) 
Type 
Mean 
(MPa) 
0 - nothing 10.2275
Fiberglass- Chopped 
Strands (%)   
0.5 10.83333
1 11.03333
1.5 12.325
2 11.125
5 9.133333
Fiberglass - Milled 
Fibres (%)   
0.5 16.87
1 17.2
1.5 18.66667
2 19.9025
Foundry Sand (%)   
10 19.13333
20 17.2
30 14.0625
Regular Sand (%)   
10 19.11
20 13.6
30 8.076667
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Figure 5.1: Tensile strengths of Composite material with different types of fiberglass 
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Figure 5.2: Tensile strengths of Composite material with foundry sand and regular 
sand 
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Figure 5.3: Stress-Strain Tensile Curve for best percentage reinforcements of each reinforcing element 
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5.1.1.2 Shape of Fracture 
 
The shape of fracture differs with the types of materials used. Some specimens 
were high in ductility and plasticity while others were not as ductile, and much more 
brittle. An observation that can be made from the tensile stress-strain curve figure 5.3, 
is the degree of ductility or plasticity of each of the reinforcing elements. Fiberglass, 
both chopped strands and milled fibers, showed very high ductility during the tensile 
test with long curves that persist way after the peak tensile strength, while the foundry 
sand and the regular sand were much more brittle with curves that end abruptly and 
fracture directly after the peak tensile strength is achieved. This can also be shown 
with the shape of fracture that occurs with the specimens from figures 5.4, 5.5, and 
5.6. In figure 5.4 we can see the necking that occurs in the specimen reinforced with 
fiberglass. The elongation persists for quite a while showing high plasticity. This can 
also be seen in figure 5.5 with the shape of fracture of the specimen reinforced with 
fiberglass. This shape of fracture can be compared with figure 5.6 where the specimen 
reinforced with foundry sand shows a much more brittle-like fracture. From this, it 
can be said that plastic rejects reinforced with fiberglass, both chopped strands and 
milled fibers, will have higher plasticity and ductility; and plastic rejects reinforced 
with sand, both foundry sand and regular sand, will have less ductility and be much 
more brittle in nature.  
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Figure 5.4: Necking occurring in specimen during testing of Composite material with 
fiberglass 
 
 
Figure 5.5: Shape of fracture of composite material with fiberglass 
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Figure 5.6: Shape of fracture of composite material with foundry sand 
 
 
5.1.1.3 Difference in Machining  
 
 Two types of machining were examined to determine the more efficient and 
suitable method to be used for plastic rejects. Milling and rolling methods were each 
examined for two of the four reinforcing elements; fiberglass-milled fibers and 
foundry sand. These two reinforcing elements were examined due to their promising 
results with respect to tensile strength. The data for ultimate the ultimate tensile 
strengths of the composite material reinforced with fiberglass-milled fibers for the 
milling method and the rolling method can be seen in tables 5.6 and 5.7 respectively. 
Foundry sand reinforced in the composite material can be analyzed for the milling 
method and the rolling method in tables 5.8 and 5.9 respectively. A comparison 
between the two methods can be seen in table 5.10. From table 5.10 it can be seen that 
the values for milling were significantly less than those of rolling. The plastic rejects 
reinforced with foundry sand showed a percent difference between the two methods 
anywhere from 8 – 23 % difference of the milling method to the rolling method. As 
for the plastic rejects reinforced with fiberglass-milled fibers, the percent difference 
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between the two methods were between 54 -63 % difference. The 0% no-
reinforcement specimens showed a difference of 50% indicating that in fact all the 
specimens including those with reinforcements of fiberglass and foundry sand had an 
average percent difference of 42%. This means that the rolling method is 
approximately 2 times better in tensile strength than that of the milling method. This 
is probably due to the fact that the rolling method is in fact a form of compaction to 
the specimen that eliminates any air voids or bubbles caused by the extruder. Not only 
does the rolling method allow for better tensile strengths of approximately 42% better 
values, but in terms of ductility it has also shown to allow for higher ductility. Figure 
5.9 shows the stress-strain curves of the two methods. From this it can be seen that the 
rolling method allows for an elongated curve that continues way after the peak tensile 
strength occurs, while in the milling method it ends abruptly after the peak tensile 
strength is achieved. This shows that the rolling method is much higher in plasticity 
than the milling method which produces specimens much more brittle in nature. 
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Table 5.6: Ultimate Tensile Strength of Composite material with Fiberglass - Milled 
Fibers using Milling Method (MPa) 
  0 0.50% 1% 1.50% 2%
1 5.1 6.1 7.6 5.3 8.2
2 5 5.9 7.6 7.5 8.4
3 5.3 6.3 6.1 7.9 8.8
4 - - 5.3 - - 
5 - - 6.1 - - 
Mean 5.133333 6.1 6.54 6.9 8.466667
Stan. 
Dev. 0.152753 0.2 1.021274 1.4 0.305505
Minimum 5 5.9 5.3 5.3 8.2
Maximum 5.3 6.3 7.6 7.9 8.8
 
Table 5.7: Ultimate Strength of Composite material with Fiberglass – Milled Fibers 
using Rolling Method (MPa) 
  0 0.50% 1% 1.50% 2%
1 10.04 14.77 17.16 17.9 13.37
2 11.13 17.5 18.56 18.4 22.1
3 10.04 18.34 16.8 19.7 23.9
4 9.7 - - - 20.24
5 - - - - - 
Mean 10.2275 16.87 17.2 18.66667 19.9025
Stan. 
Dev. 0.622649 1.866521 0.839365 0.929157 4.604218
Minimum 9.7 14.77 13.56 17.9 13.37
Maximum 11.13 18.34 15.16 19.7 23.9
‘ 
Table 5.8: Ultimate Strength of Composite material with Foundry Sand using Milling 
method (MPa) 
  0 10% 20% 30%
1 5.1 16.3 14.9 14.5
2 5 15.4 15.5 10.9
3 5.3 12.3 11 13.2
4 - - - - 
Mean 5.133333 14.66667 13.8 12.86667
Stan. 
Dev. 0.152753 2.098412 2.443358 1.823001
Minimum 5 12.3 11 10.9
Maximum 5.3 16.3 15.5 14.5
 
Table 5.9: Ultimate Strength of Composite material with Foundry Sand using Rolling 
method 
  0 10% 20% 30%
1 10.04 19.3 17.2 16.5
2 11.13 19.5 16.9 16.65
3 10.04 18.6 17.5 11.6
4 9.7 - - 11.5
Mean 10.2275 19.13333 17.2 14.0625
Stan. Dev. 0.622649 0.472582 0.3 2.902118
Minimum 9.7 18.6 16.9 11.5
Maximum 11.13 19.5 17.5 16.65
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Table 5.10: Difference between Mean Ultimate Strength of Rolling and Milling 
Methods 
  Rolling Milling Difference
(%) Type Mean Mean 
0 - nothing 10.2275 5.133333 49.8
Fiberglass - Milled 
Fibres (%)      
0.5 16.87 6.1 63.8
1 17.2 6.54 61.4
1.5 18.66667 6.9 63.0
2 19.9025 8.466667 57.4
Foundry Sand (%)      
10 19.13333 14.66667 23.3
20 17.2 13.8 19.7
30 14.0625 12.86667 8.5
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Figure 5.7: Difference between Machining Methods for Composite Material with 
Fiberglass – Milled Fibers 
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Figure 5.8: Difference between Machining Methods for Composite Material with 
Foundry Sand 
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Figure 5.9: Stress Strain Tensile Curve for Milling and Rolling machining methods for Fiberglass – milled fibers (2%)
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5.1.2 Flexural Strength 
 
5.1.2.1 Properties 
 
 The flexural strength for the different reinforcing elements showed varying 
results. The maximum flexural load of the composite material reinforced with 
fiberglass-chopped strands, fiberglass-milled fibers, foundry sand, and regular sand 
are shown in tables 5.11, 5.12, 5.13 and 5.14 respectively. Table 5.15 compares the 
flexural load of all four reinforcing elements. In terms of fiberglass-chopped strands 
reinforcement it can be seen from table 5.11 that all percentages of reinforcements 
were in the same range with 1% reinforcement being slightly higher than the rest. 
However all the values were less than the 0% no-reinforcement specimens. This 
shows that the specimens did not improve with reinforcement of fiberglass-chopped 
strands in terms of flexural strength. As for fiberglass-milled fibers, the 2% 
reinforcement proved to give the highest flexural strength with a maximum load of 
26.8 N. This value is in fact higher than the 0% no-reinforcement specimens that had 
a maximum flexural load of 15.6 N. From this it can be seen that by adding fiberglass-
milled fibers to the plastic rejects the flexural properties of the product may be 
significantly enhanced by approximately 40%. Similar to the values shown in the 
tensile strength tests, the fiberglass-milled fibers proved to have much higher values 
by approximately 50% than those of the fiberglass-chopped strands in terms of 
flexural strength. 
 As for the foundry sand reinforcement of the plastic rejects, the 10% 
reinforcement showed to have the highest flexural strength with a maximum flexural 
load of 34.3 N which is higher than the 0% no-reinforcement value. The regular sand 
reinforcement of the plastic rejects, proved that the 10% reinforcement was the best 
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percentage of regular sand reinforcement with a 33.3 N maximum flexural load.  This 
value was significantly greater than the 0% no-reinforcement value. All the regular 
sand and foundry sand percentage reinforcements were significantly higher than the 
0% no-reinforcement specimens and thus showed that their addition was enhancing 
the flexural strength of the specimen by reinforcing it with either regular sand or 
foundry sand. From table 5.15 and figure 5.12, which showed the flexural stress-strain 
curve of the best percentages of all reinforcing elements, it is evident that 10% 
foundry sand reinforcement was the best reinforcement in terms of flexural strength 
and gave the highest value that superseded all other values. The 10% regular sand 
value came in second best, followed closely by the 2% fiberglass-milled fibers 
reinforcement. Far behind these was the 0% no reinforcement specimen, and finally 
the 1% fiberglass-chopped strands reinforcement. The last reinforcement with 
fiberglass-chopped strands was significantly less than the 0% no-reinforcement 
specimens and thus show that it reduces the flexural strength of the plastic rejects if in 
fact fiberglass-chopped strands, is added to the mixture.   
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Table 5.11: Maximum Flexural Load of Composite material with Fiberglass – 
Chopped Strands (N) 
  0 0.50% 1% 1.50% 2%
1 15.9 7.5 10 10.8 9.6
2 14.1 10.9 10.6 7.8 12
3 14.3 12 12.07 9 10.1
4 - - - - - 
5 - - - - - 
Mean 15.6 10.13333 10.89 9.2 10.56667
Stan. Dev. 0.986577 2.345918 1.065035 1.509967 1.266228
Minimum 14.1 7.5 10 7.8 9.6
Maximum 15.9 12 12.07 10.8 12
 
Table 5.12: Maximum Flexural Load of Composite material with Fiberglass – Milled 
Fibers (N) 
  0 0.50% 1% 1.50% 2%
1 15.9 22.2 25.6 26 26.9
2 14.1 24.3 26.1 24 24.6
3 14.3 23.6 24.2 23.3 27.1
4 - - - 24 - 
5 - - - - - 
Mean 15.6 23.2 25.4 25.5 26.8
Stan. Dev. 0.986577 1.069268 0.984886 1.164403 1.389244
Minimum 14.1 22.2 24.2 23.3 24.6
Maximum 15.9 24.3 26.1 26 27.1
 
Table 5.13: Maximum Flexural Load of Composite material with Foundry Sand (N) 
  0 10% 20% 30%
1 15.9 34.6 29.1 30.6
2 14.1 35.2 34.4 28.5
3 14.3 33.1 30.9 35.4
4 - - - - 
5 - - - - 
Mean 15.6 34.3 30.8 31.5
Stan. Dev. 0.986577 1.081665 2.695057 3.536948
Minimum 14.1 33.1 29.1 28.5
Maximum 15.9 35.2 34.4 35.4
 
Table 5.14: Maximum Flexural Load of Composite material with Regular Sand (N) 
  0 10% 20% 30%
1 15.9 32.7 27.7 25.1
2 14.1 35.4 24.2 19.2
3 14.3 31.7 25.7 21.5
4 - - - - 
5 - - - - 
Mean 15.6 33.3 25.1 20.1
Stan. Dev. 0.986577 1.913984 1.755942 2.973774
Minimum 14.1 31.7 24.2 19.2
Maximum 15.9 35.4 27.7 25.1
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Table 5.15: Mean Flexural Load of Composite material with different reinforcing 
elements. 
Type 
Mean 
(N) 
0 - nothing 15.6
Fiberglass – Chopped 
Strands (%)   
0.5 10.133
1 10.89
1.5 9.2
2 10.566
Fiberglass – Milled 
Fibers (%)   
0.5 23.2
1 25.4
1.5 25.5
2 26.8
Foundry Sand (%)   
10 34.3
20 30.8
30 31.5
Regular Sand (%)   
10 33.3
20 25.1
30 20.1
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Figure 5.10: Maximum Flexural Load of Composite material with different types of 
fiberglass 
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Figure 5.11: Maximum Flexural Load of Composite material with foundry sand and 
regular sand 
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Figure 5.12: Stress-Strain Flexural Curve for best percentage reinforcements of each reinforcing element
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Figure 5.13:  Shape of specimen during flexural test 
 
 
 
 
Figure 5.14: Shape of specimen after flexural test 
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5.1.3 Density 
 
5.1.3.1 Properties 
  
 In terms of density the plastic rejects without any reinforcement, have a 
density of 0.895 g/m3. This density is less than water (1 g/m3) and did in fact float 
when placed in the immersion vessel of the density apparatus filled with distilled 
water. By reinforcing the rejects with fiberglass-chopped strands, the density did not 
change much except for increasing slightly. This also occurred by reinforcing the 
rejects with fiberglass-milled fibers. The density did not change much and remained 
under 1 g/m3. This is generally due to the fact that the percentage of fiberglass added 
in each of these two mixtures is very small and thus did not impact the density 
significantly, but only may have increased ever so slightly. As for reinforcing the 
rejects with foundry sand, the density gradually increased with the addition of 10% 
reinforcement each time. The density increased to above 1 g/m3 at 30% reinforcement 
and thus would sink in water. As for reinforcing with regular sand, the density also 
gradually increased as the percentage of sand increased with it exceeding 1 g/m3 at 20 
and 30% reinforcement, and consequently sinking in water. Tables 5.16, 5.17, 5.18, 
and 5.19 show the densities of the composite material reinforced with fiberglass-
chopped strands, fiberglass-milled fibers, foundry sand, and regular sand respectively. 
Table 5.20 compares the densities of all the reinforcing elements with each other.  
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Table 5.16: Density of Composite material with Fiberglass – Chopped Strands (g/m3) 
  0 0.50% 1% 1.50% 2% 5%
1 0.863 0.857 0.972 0.96 0.88 0.908
2 0.927 0.898 0.954 0.95 0.98 0.866
Average 0.895 0.8775 0.963 0.955 0.92 0.903
 
Table 5.17: Density of Composite material with Fiberglass – Milled Fibers (g/m3) 
  0 0.50% 1% 1.50% 2%
1 0.863 0.893 0.941 0.929 0.815
2 0.927 0.858 0.933 0.933 0.782
Average 0.895 0.8755 0.937 0.931 0.7985
 
Table 5.18: Density of Composite material with Foundry Sand (g/m3) 
  0 10% 20% 30%
1 0.863 0.956 0.992 0.991
2 0.927 0.967 0.999 1.014
Average 0.895 0.963 0.994 1.007
 
Table 5.19: Density of Composite material with Regular Sand (g/m3) 
  0 10% 20% 30%
1 0.863 0.944 0.999 1.031
2 0.927 0.963 1.021 1.003
Average 0.895 0.956 1.008 1.017
 
Table 5.20: Density of Composite material with different reinforcing materials 
Type 
Density 
(g/m3) 
0 - nothing 0.895
Fiberglass -Chopped Strands (%)   
0.5 0.8775
1 0.963
1.5 0.955
2 0.92
5 0.903
Fiberglass- Milled Fibers (%)   
0.5 0.8755
1 0.937
1.5 0.931
2 0.7985
Foundry Sand (%)   
10 0.963
20 0.994
30 1.007
Regular Sand (%)   
10 0.956
20 1.008
30 1.017
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Figure 5.15: Density of Composite material with different types of fiberglass 
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Figure 5.16: Density of Composite material with foundry sand and regular sand. 
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5.2 Environmental Related Tests 
5.2.1 Chemical Resistance 
 
 The specimens were immersed in sulfuric acid for a week to determine their 
resistance to high acidic solutions of pH 3, that similar to sewage water. The 
specimens’ weight and dimensions were measured before and after the immersion. 
The results of this test are summarized in table 5.21. The data indicates that the 
specimens’ dimensions did not change. The weight of the specimens increased very 
slightly but this was probably due to human error of not properly drying the specimen 
before weighing it. As indicated by the data in the table, there was no change in the 
weight or dimensions of the specimens to the acid. Thus it can be said that the 
composite material has high chemical resistance to acids and to sulfates, and will thus 
be useful as a manhole cover product.    
 
Table 5.21: Results of Chemical Resistance test 
Sample Before After Before After Before After Before After 
Weight 
(g) 
Weight 
(g) 
Length 
(cm) 
Length 
(cm) 
Width 
(cm) 
Width 
(cm) 
Thickness 
(cm) 
Thickness 
(cm) 
1 5.2682 5.301 4.0 4.0 2.4 2.4 0.6 0.6 
2 4.8612 4.889 4.1 4.0 2.5 2.5 0.6 0.6 
3 5.7197 5.798 4.2 4.2 2.5 2.5 0.6 0.6 
 
 
5.2.2 Leachate of Heavy Metals 
 
 The solid specimen and the foundry sand were separately immersed in distilled 
water for 18 hours with continuous shaking to allow for any leachate material to be 
extracted from the designated samples. The liquid was then filtered through a filter. 
When this was complete the pH and Total hardness were analyzed, upon which the 
Mg Hardness and thus the Mg concentration were calculated. In order to determine 
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the Silicon concentration however, the two samples were heated at 90°C till the liquid 
evaporated to 10 ml. This is done in order to separate any organic material from the 
liquid. The samples are then tested on the spectrophotometer for Silicon 
concentration. As table 5.22 shows the results of the leachate test, it can be seen that 
the foundry sand as a separate entity contained a significant composition of heavy 
metals of Mg and Si, while the solid specimen of recycled plastic with reinforced 
foundry sand contained no leachate material with these heavy metals composition. 
The pH of the solid specimen is quite close to that of distilled water, while that of the 
foundry sand was quite alkaline with a pH of 9.58. From these results it can be 
inferred that foundry sand as an entity contains the heavy metals of Mg and Si, 
however when it is used as a reinforcing element in plastic rejects, the melting and 
thus solidification process enables these heavy metals to dissolve and thus do not pose 
a threat to the final recycled plastic specimen in terms of leachate material.     
 
Table 5.22: Results of Leachate test 
Sample pH Total 
Hardness 
(mg/L) 
Mg 
Hardness 
(mg/L) 
Mg 
Concentration 
(mg/L) 
Si 
Concentration 
(mg/L) 
Specimen 6.45 0.0 0.0 0.000 0.001 
Foundry Sand 9.58 1.6 1.6 0.384 41.11 
 
5.3 Testing Manhole Cover 
  
 Due to the findings of the mixtures most suitable in strength for each 
reinforcing element, it was found that for regular sand 10% reinforcement gave the 
most promising results. Foundry sand of 10% reinforcement gave the best results for 
foundry sand, and fiberglass – milled fibers of 2% reinforcement gave the best results 
for fiberglass reinforcement. Thus these combinations were used as mixtures in 
testing the manhole covers. Eight manhole covers were produced, four of them were 
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without steel reinforcement and the remaining four covers were with different 
diameter steel reinforcements. The steel reinforcement constituted 10% reinforcement 
of the total volume of the manhole cover. The compositions of each of the manhole 
covers and the results of the maximum allowable loads for each of them is shown in 
table 5.23.  
Table 5.23: Results of maximum allowable loads for manhole covers  
Composition Maximum 
Load 
(KN) 
1. Plastic Rejects (90%)  
 + Regular Sand (10%) 
71 
2. Plastic Rejects (90%)  
 + Foundry Sand (10%) 
60 
3. Plastic Rejects (98%)  
 + Fiberglass-Milled fibers (2%) 
33 
4. Plastic Rejects (88%)  
 + Fiberglass-Milled (2%) 
 + Foundry (10%) 
54 
5. Plastic Rejects (80%) 
 + Φ8mm Steel Mesh (10%) 
 + Foundry Sand (10%) 
82 
6. Plastic Rejects (80%)  
 + Φ10mm Steel Mesh (10%)  
 + Foundry Sand (10%) 
92 
7. Plastic Rejects (80%)  
 + Φ12mm Steel Mesh (10%) 
 + Foundry Sand (10%) 
96 
8. Plastic Rejects (80%)  
 + Φ16mm Steel Mesh (10%)  
 + Foundry Sand (10%) 
108 
 
 
Figures 5.17 and 5.18 compare the load/deformation curves of manhole cover 
composition without steel reinforcement and with steel reinforcement respectively. 
From these results it can be seen that the most promising combination is that of steel 
mesh Φ16mm with 10% foundry sand, which gave a maximum allowable load of 108 
KN. The manhole covers that contained steel reinforcement were considerably 
stronger by at least one-third of that without steel reinforcement. Figure 5.18 shows 
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the compositions of manhole covers with steel reinforcement in comparison to the 
same mixture without steel reinforcement. The difference between that of no steel 
reinforcement (60 KN load) to the least promising result for steel reinforcement (82 
KN load, that of Φ8mm), is approximately 20 KN higher or about one-third that of the 
strength of no steel reinforcement. This is a significant leap in strength and can be 
concluded that the steel reinforcement enhances the strength and durability of the 
manhole cover tremendously. Figure 5.18 shows that the values continue to rise 
higher than that of its maximum allowable load, sometimes up to 118 KN for Φ16mm 
steel mesh. However these values occur after failure of the first steel bar, thus making 
the maximum allowable load much less than that of the ultimate failure load of the 
whole manhole cover for safety reasons.  
Figure 5.17 shows the manhole cover compositions of no steel reinforcement, 
but different reinforcing elements in different combinations. It can be seen that the 
combination incorporating regular sand gave the most promising results of being able 
to withstand 71 KN load, followed by the combination of foundry sand being able to 
withstand 60 KN load. This coincides with the data obtained when testing the material 
in terms of specimens. Both foundry sand and regular sand were shown to give very 
promising results in terms of flexural strength. The joint combination of fiberglass-
milled fibers and foundry sand was not as promising withstanding only 54 KN, while 
the least promising composition was that of fiberglass-milled fibers on its own 
withstanding only 33 KN load. This conflicts slightly with the data obtained on the 
mixtures when analyzing the different percentage of reinforcements. Fiberglass-milled 
fibers had given a promising result, but was not the best of all the materials used as 
small specimens. However when these mixtures are analyzed on a larger scale as a 
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manhole cover application, the mixture of regular sand followed by that of foundry 
sand gave the most promising results in terms of compositions.  
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Figure 5.17: Load vs. Deformation Curve for Manhole cover compositions without steel reinforcement. 
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Figure 5.18: Load vs. Deformation curve for manhole cover compositions with steel reinforcement. 
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If we look at BS EN 124 (27) standards for manhole covers in order to compare 
the values obtained experimentally with those from the standards, it can be seen that 
the manhole covers produced from plastic rejects with different reinforcing elements 
come fairly close and on occasion exceeds those of the standards. Table 5.24 shows 
the maximum allowable load for manhole covers of diameter 30 cm produced out of 
ductile iron material for the different grades of A, B, C, and D. Grade A manhole 
covers are used in areas inaccessible to motor vehicles (pedestrian precincts). Grade B 
manhole covers are used in areas of only occasional vehicle access. Grade C is used in 
vehicular areas with medium to heavy traffic loads, and Grade D manhole covers are 
used in areas of fast moving heavy vehicle areas (27). For more detailed information 
regarding the grades of manhole covers, see Table 2.4 on page 20 of this thesis.  
 
Table 5.24: Maximum Load of Ductile Iron Manhole covers of diameter 30 cm (27).  
Grade of Manhole Cover Maximum Load of Ductile 
Iron cover (KN) 
Grade D 220 
Grade C 132 
Grade B 101 
Grade A 8 
 
From this it can be shown that all compositions and combinations done within the 
experimental phase of this thesis rank higher than Grade A manhole covers of ductile 
iron and can replace it. Thus all the combinations used and manhole covers tested 
may be used in areas inaccessible to motor vehicles (pedestrian precincts), and in fact 
one of the combinations tested may be used to replace Grade B manhole covers of 
ductile iron. This combination incorporates the composition of Φ16mm steel mesh 
with 10% foundry sand and 80% plastic rejects, that was able to withstand a 
maximum allowable load of 108 KN. This combination may now replace the use of 
ductile iron in Grade B manhole covers in areas of only occasional vehicle access.   
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5.4 Cost/Benefit Estimation 
If we begin to analyze this new material and new product in terms of 
economics, we can begin to see the cost/benefits as a manhole cover. In order to 
recycle contaminated plastic rejects, the plastic first must be washed and cleaned with 
water in order to be deemed recyclable. This has often been very costly, and 
consumes a lot of water, energy and labor. However, by recycling this contaminated 
material as is, we are not only saving water, energy, and labor, but also using a waste 
that has been incinerated causing harmful emissions. This thesis has shown that the 
mechanical properties of this new recycled material in no way match the properties of 
virgin plastic, however when reinforced with different reinforcing elements such as 
foundry sand (a potential health hazard and waste) and steel bars, the properties of 
this material increase to an extent that enables it to be used in the application of a 
manhole cove under certain conditions and certain areas. Foundry sand is in fact a 
waste, and thus generally has no cost. Steel bars when bought in mass quantity may 
prove to be expensive, however the benefits associated with the end product of a 
manhole cover outweighs the cost incurred by the steel bars. Fiberglass-milled fibers 
costs 40LE/kg and thus may be deemed slightly expensive to use as a reinforcing 
element, however the quantities of fiberglass used in the reinforcement process are 
quite minimal (maximum of 2% reinforcement) and thus may be deemed negligible. 
Fiberglass-milled fibers was also shown in this thesis to be one of the reinforcing 
elements that did not reign supreme in terms of mechanical properties in comparison 
to foundry sand and regular sand. Through this analysis, it can be seen that the 
benefits outweigh the costs incurred to produce the product of a manhole cover out of 
this new composite material to alleviate the environmental hazards associated with 
this issue.  
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CHAPTER 6 
CONCLUSIONS AND RECOMMENDATIONS 
6.1 Major Findings 
  
It was shown from the data within the thesis that contaminated plastic rejects 
combined with different reinforcing elements may prove to have durable and 
environmentally friendly properties that allow this new material to be used as an 
application in a product. The product investigated was a manhole cover. Through 
analysis of the material with difference percentage reinforcements, it was shown that 
foundry sand and regular sand at 10% reinforcement showed the most promising 
results. Fiberglass-milled fibers at 2% reinforcement also showed promising results 
but not as high as those of foundry sand and regular sand. Fiberglass-chopped strands 
however did not prove to be as promising when analyzing material properties as 
specimens. When analyzing different compositions of reinforcing elements in a 
manhole cover, it was shown that regular sand proved to be quite promising as a 
reinforcing element for the application of a manhole cover. This was quickly followed 
by foundry sand which also showed very promising results.  Fiberglass-milled fibers 
however showed to be quite weak when used alone as a reinforcing element in a 
manhole cover application. This coincides with the data obtained when analyzing 
material properties of the specimens, where the fiberglass-milled fibers showed 
promising results, yet still fell behind in comparison to the foundry sand and the 
regular sand.  
The manhole covers produced gave promising results with all of the covers 
being able to replace Grade A ductile iron covers in pedestrian precincts, and one of 
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the manhole covers (that of Φ16mm and foundry sand) could replace a Grade B 
ductile iron cover in occasional vehicular passageways.  
The environmental related tests proved to show that that material is highly 
resistant to acidity and thus will not corrode away in the application of a manhole 
cover over highly acidic sewer systems. The environmental related tests also showed 
that the material does not produce any harmful leachate that may be toxic to the 
waters or surrounding areas, even though the leachate of the foundry sand contained 
heavy metals and thus might contaminate the soil and surface water. The heavy metals 
in the foundry sand dissolved upon the solidification process with the plastic rejects to 
become the new paste and thus no longer became a problem.  
In terms of economics, the contaminated plastic rejects being recycled in this 
manner to produce this viable product alleviates the cost of water and energy in 
attempting to clean the plastic from its contaminants in order to recycle it. As for the 
reinforcing elements, fiberglass-milled fibers costs 40 LE/kg while foundry sand 
doesn’t cost anything since it is a waste that needs to be dealt with. Thus foundry 
sand, the material also showing the most promising results in terms of durability and 
strength is in fact a health hazard and waste that may be used for this purpose. 
Regular sand also showed promising results in terms of durability and is not costly at 
all. Steel reinforcement however, if bought in large quantities to produce a mass 
number of manhole covers, could prove to be expensive. Yet the benefits in return for 
the product will outweigh the cost of the steel reinforcement by far, and thus becomes 
negligible. Through this it can be seen that this composite material can be very 
promising in the application of a manhole cover to alleviate all the problems 
associated with such a product. 
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6.2 Recommendations for Further Research  
 
Several recommendations could be utilized for further research on the subject.  
One recommendation involves the usage of fiberglass as a reinforcing material. 
Fiberglass could be used uni-directionally as opposed to random which has been used 
in this thesis. By using the fiberglass uni-directionally, it increases the tensile strength 
by 6 times that of random fiberglass orientation. This can be seen in figure 6.1. By 
using the fiberglass bi-directionally, it can increase the tensile strength by at least 3 
times that of random fiberglass orientation.  
 
Figure 6.1: Tensile strengths with different orientations of fiberglass (44). 
 
 
Another recommendation for further research could be to examine the 
composite material for certain properties such as thermal expansion. This property 
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would be especially important to know for a manhole cover in Egypt, a country that 
endures extreme heat temperatures during the summer months.  
Other applications besides manhole covers and bases should be explored to 
fully utilize the full potential of this new composite material. Other applications could 
include speed bumps, paving blocks, and as Ibrahim (40)  investigated water breakers 
may also be a great potential application for this material. All of these 
recommendations may be utilized to enhance the properties of this product for the 
betterment of the environment.  
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